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FPour technical notes concerning the dsvalopment of a broed-
band ocmnldirectionsl antenna, with as man? fregquency inde-
pendent clectrical charaoterintice as rossihle, have been
written by us to-deta.

The first part of this finall report gives a review of the eon-
tonte of eariie; reports.

Part two is a summeary of al. the usable measures that decrease
the frequency dependence of the radition pattern of hroad~
band radiators. In addition to the already umentioned radla-
tor shapes with dielectyric, two further technically important
antenna shapec will be described in detail. These are:

1. & 50 ohm radiater, with uond.broad~band matching, liaving
a broad-bund diffused radiation pattern which resemblesa
that of a short dipele oexr a larpge frequency range.

2. & 60 ohm radiator that his a constant horizontal direction
for the mweia lobe and aluo a gocd broad-band matching.

Part three deascribes the “thcoretical advgnees. The shape of a
broad-band rediator is not critical in the vieinity of its ver-
tex; in particular, the electrical characteristics are prac-
tically unchsnged whan a condueting cone, having a small aper-
ture angle and infinite length is smet on top of the radistor,

Upon taking these facts int« consideration, we developed a
new coordinate system for tlie 60 ohm epherical radiasor which
has the advantage over the preciously used system that the

values Fn and Gn remailn fin.te, even at the radiator apex.
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Four technical notes concerning the davalopment of a broad~
band omnidirectionsl antenna, with as many frequency inde-
pendent eliectrical charaoterlintice as possitle, have heen
written by uvg teo-dete,

The firat part of this fing'. revort gives a review of the con=-

tents of eariie:r reportas.

Part two is & summexy of al- the usatle measures that decrease
the frequency dependecnce of the radiation pattern of broad-
band radiators. In addition t¢ the already umentioned radia-
tor shapes with diel=actyric, two further technically important
antenna shepec will be deccribed in detail. These are:

1. a 50 ohm radiator, with good‘broad~band matching, having
a broad-band diffused radiation pattern which resembles
that of a short dipole over a large frequency range.

2. & 60 ohm rediator that his a constant horizontal direction
for the main lobte and alsc a gocd broad-band matching.

Part three describes the ‘uheoretical'advanceso The shape of a
broad-bandg rediator is not critical in the vicinity of its ver-
tex; in particular, the electrical characteristics are prac-
tically unchanged when a conducting cone, having a small aper-
ture angle and infinite length 1s set on top of the radiato:o

Upon taking these facts into conaideratlon, we developed a
new coordinate system for the 60 ohm sphericsl radiator which
hes the advantage over the preciously used bystem that the
values Fn and Gn remain fipnite, even at the radiatpr,apex;
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to the radlatc:, as calucnlated in the first report, definitely
gives broad-nond matchiing. IMwrver, zoall variatlions in the
trangition resfon, from that of thse idecl shupe, alrsaly glve
noticaable riarafehing. Therefore the Shweory of the feeding
gone construction i conflruad,

The neasured iopadanc: cuwrvea of gix 4 "Forent aniennay shapen
glve inforratise abovt tho Safluancs 7 the -adistnr shape on
the input “necdaace «f the fatanna; a20¢ the preoviocuslyr ena-
lyzed feeding zcae coensldurci as the corenot ore, i3 alwaye

referred to.

The matching lurrovee ag he radiate Jonarts mor: ol nove
form ite glin skape, and o) jprcachas & gprern-Like conssrucilon.
A1l six an-.enna she:eo congidared Indieate high ross  haroaes
terintica, bes la: theu: rdzactehiafr wocrenpses o3 too fre-
quency is inoressed. The splerae-like radiiater is nuac s cors
pletely natched above a Loy frecuanesy | rit,

Technical lote 410, 3

The teernic~d arplization of uho brol-nnd radiater depencs
9y I

conpidargil u:.n waethe G conbin o iy cxleliena foequer -

cy deosendervce o7 the radilaSce paotes o be lepe suffedlent-

1y snill in she lar-¢ froow s rcange -oere ing-=Aohece aatehing

‘g cbtained  Thecefora, tha souncg of dnio fresiieny Tapen-
dencz 7i%1 " deternire} ezt onad ther, meosurey can ose derive

23 whizn con control thaw I ennency deendence.

The wave sepoiyatlor procraes of such rad-ators, ant 'smcially

the curren® 4istribution aloea. thz radletor. will oo - ngely

analyz2? 1in o snaoratdcal naarer

Tke nieasurcd jadlaticn pasverrs Jor Towr difTecent adatox

shapes follon Tae relaiirely 5411 yrocuency derenaeie

of the <iagrer 11 1-nmee, - the bresd and lupigrea char-

700 cn the wuls o ino pr -tiously

acter iaticy cboie
calculated «ui 1t Al atrr hut Lo,
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tion of the other causes for frequency dependence

It was found that the main cnuse
rawoveaed whan dlelectrie rings

9514
were inserited cuout the feeding zons . Phe dirvection of the
I
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Shong of trhe input dmpecance and radiation pattern

of broad=tond uintennas were conducted ouly on antennas which

ware degilored for connection to o 60 ohm coaxini cable., The

resulte obtalirad re certalniy so generel that they will aleo

1

yileld the optisen red'wtor ghape when an dnput line hoving a

diffevent charooboyicly

grriltes t'o

sonatreeted

oA e g

R . g

tapedance tn used. Hote lic. 4 de-
vheoooert o bne elecsrieal characteristica, of a
Ciddrectional sntenna. whisch din nashe

Cmedoee o RE chm o cenwind salle

oy 7t re e ltdon tactor hing Yok
3ty SERECASIVESE RN O TN RT S B A ;
i v s ot rena g oot cennlatoly o

eractoyr Lobde depedance of the dnput line.

Yhe conatructt oy dravingg shaw the pachiatrical dinmensiond o7
!

Lo radioito

sad tte trarsttilon froom the outer conductor o7 the

inout line tooog cronal o lane
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« sependence of the Radiation

ol Yrond-tand Crnidirectipnal Radiators

antenpas tor midey frequency bands bhave

depungtrated the act, thet the radiation pattern’s freaquescy
i 1 A

Jependene-e la ver. Cligturciagp.

Wsw thaw 1t has been possible

§ ~onetroce nonrend boc padiater whosa input inpedanca re

cirn camriod onroThe pnown Uive aver oa owide frequency range
ot TOosFe Lt e w0 suecs v oslesidicance gLnce Lhe

S i sl T L oy large Toeoaaony devendagyw 1n this

R S S Mareltore (e tecinical appli-

i
- ~
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cation of suck anternesn cotriniy presents a problem. Thus,

the search for o method »2iod decereaces the frequercy depens

dence of a broud-hand radiator Lo unnnvoidadble,

The theory ¢l the wide-bz»d vadlatoy {?, bR 53 shows that a
raddater Srawroalts epnce garhg o difdlerent medes and these

space viaves wite noniddined Y1 he radi «tion pattern 1n respect

to Lregquency depeadart plave ahifis. The ideal wide-band radiator
would be the one wubich transatta only uie mode type at all
frequencice anl toerefore, always showe the radlation pattern

of thie a0de. he treory indiweatea that the excltutlion of a

mode type ism dependent upon the inhonogeneous characleristics

of the viein!ty of the r.disbor 45? . @hils inhonogenity usually
conan fvon the ure of » curyd aﬁrfaee radiustor. T4 is very

afritten?t o osanaver the curabion, is there a radiabor ghape

HE A TR N Ty o ome et brpe dnoa wide trequancy
raape tnee va oLave divestipnead nunerous Sield gatterns; we
cun concluce ity corpidersabie assuvance, thatn the existance
o7 eueb oon o ddeal cooistor g sescoabalh dnpossdlla . However, 1%
2ot v oeanded oot e mele o uyooa ere noticethly affacted
L7ovnhices ooreows oo e oy wrona dielactrice congtant s da

Cuoaboroons E peet i L a3 inecorted in the dlreot vicinity
YL T, PR f wares reoulting frooo fhe use of

ganl diclectyie cre extronely Tifficult to analyze and have
farery voan vaulyuee Gheoyetieslly, Thevefore. general and
raliable informnticn in “his reegrect, ig not avallable, [However
it doeo nol szem te ©ry compleotely fuponsihlie that sueh an an-
Lznna dn o2 specisl dieto tric material could be designed and
have the c¢apatility of ; rerating ne frequency independent
mode type. ilewever the p ctical realization would probably
result in fallure since :te dielectric would have to extend
cut to infinily.

Gne can o411l dnfinence (- radiction pattern conoilerably
Lrouging intosorenacoug Tleliotric with findite fdnenoiong and
thus Sluc redlation patioan whict Lhave practical and inter-

coeting ol €5 Jur cwarin, % 4 rneowvm that g control of the
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radiation pattern is possible Ly means of dielectric rings

and in this mannar an almest freauensy independent main lobe
direction and very small side lobe maximums are obtoined [3] o
Also, the only frequency dependence in this cas=, is the decrease
in the 50 ¢ down bandwildih of the main lobe as the frequency
increases, This would be a radiator having very good horizontal
directivity. Alao it 13 pogsitle to find a diagran which l1a
very similar, over & large frequency range, %to that of a

ghort dipole. This would o a radiator sultable for uniform
transmission of waves 2abeui a large radial sector and 1s aloo
au}table for reception of waves progress.ng radialliy through
this area, In the fcllowing, the basle ruleg showln; the in-
fluence on the radiztlon vattern by means of dielectric, as
vell s the mest imrertart teehnical shapes, will be treated.

1, The Radiotion Yatiernc of Uimnle Broad--hand Tisdiantors

Tadiastors which are energized out of the ground plane by means
of & coaxinl line, as shovin in Figwre 3, will he treated here.
Their shape begine ¢t the fesz'ing-zone with a cone, whoae
characteristic impedance in respzct to the ground plane, is
the same ag that of the c¢oroxial input line, Then the Lorm
transfers ovex to 2 final rounded shape. In tho fellowilng,

a simple method whizk ls . itable Toxr approximata culculation
of the radiatlon patiern will te explained. This sprvoach 18
guffirdient to c¢lariyy %he oxistance of dstant fields end is an
aid in developing svitable measurves for decreasing the frequency
deperdence of the :cdinticn pattern.

According o LS] ., ‘he wavefronta near the radintor itself,

are approcimated ty the static field iines of an electric field
between the zadiatoy and the groumd plane., Such waveironts

are shown in figure 1. Tha current along the radlaicrs of good
wide..band artewnnag, decre.ases rapidly from the inpui point
40 the upper cnd as chove in [3] . Practically noe current
flows in the upper «¢..d of the radicior and thues contridbutes
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Little towsrd radiation. The wave propagation from the antenna
is almost vomplstely composed of that shown in Pigure 1, re-
sulting from ths wevefront of the existing waves. In accor-
dance with the "Huyens Principle” [6] 5 aaoh‘point of a wegve~
front can te cousildersd as & center of wecondary waves, whereby
the distart fil:21d of {he radiator can he approximated es the
sum of gecondary waves, for example: those whiech propagate
from the outer most wavefront shown In M™g.1. One can postulate
that the puints of these static field L'nes are equivalent to
in-phase genoratore. However, this wavelront 4s not uniform

in respect to amplitude, rather, the amplltude lnocreases from
the ground pleae tc the radiator, since the electric field
lines have a =smaller digplacemant ut the vadiator than at the
arcound plans aud this resvits ln a lerger electric fleld in-
tenaisy near tas radreior. The effectiverness of the ground
plane nan usually te deternined by adding the mirrow tmage of
the radintor. "herefore ne congiders tl'e synmetrical srrange-
mont of Plo. “he dfgtant fle2ld of the radlator is then
approxinated lrom the cylindrizal synmetry of the wavefront

In #g.2.

In Fip.3%, the curves "a” ahow the radiation patterns of

the artenna of M.V, wlhcse input 1ine has a characteristic
inpedance cf 6) ohew. Fig., 4 shows tw:s of the curves from

g%, witli “he symoetrical complement nt the bottom. These
curven restli “vom the wavefront of Fig. 2 and can he approximated
mathenatical iy by using the "luypens Principle" . The effect
ghown in I'ig.3% and 4 Je known to exigt in similar form in
finnel radiatorys. The curvature of the rvesulting wavefront
bringy a Lroeduning of ne nmain lobe moxXximum at lowey fre-
quenci=zs, snd increasing fraquenty & increasing curvature

reg 1148 in o g7litiirs of the main lobe into {we or more maxima,
as shown in Fiz. #b [V, B | . The ourvature also prevents the
radiotion pattern minimsa fren reaching gzerc. Zern minima are
ohteined with excltaticn v-a even, uniSorm phase fronts, lows
ever, the minjina ere always leds prouounced with increased

duar.
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survature [@, 103 . In addition, the side lothes hscome larger
with increasing amplitude of the wavefront, as the radiator
surface 1p epproached, and can bhecoms larger than the main
lobe maximum as shown in Pilg.4, with sufTiciantly inoreasing
high frequency. when the horder radiatica of the wavefront is
large.

Il. lMeasures to Concertrate the laln “ote Maximun

The undesired hroadening or spilitting of the nmain lobe maxinum
oan be avoided by making tle radinting wevefront of Wlg.2. as
gven ag pcagible., Tne proper measures required are known from
the theory of flat rallators. The radlated wavefront iit the
vicinlty of the ground plane, must he drawn back in the direce~
tion of the input point hy nmeanc of a delay arrangement having
lense or focusing cnaracteriotics neh a delay can be obtained
by using an uneven ground r.lane; a method which ir used in the
well known dela; line [41] . Thio w:thod of obtaining delay
has only limited applicaticne, since the frequency depsen-~
dency incresses with incressing delay characteristics. and

is algo effective only in the Girect vicindsy of the ground
plane. A reasonable appilcetion of [:27] | could be the anticli-
nal bulging o7 the ground viane as shmﬁn in Fig.5 nd this re-
sults in a liniied effec . gsuch that, vhe wavefrong

18 drawn back, st lenst neesr the ground plane. A larger in-
provenment requires tre uss of lense arrangenments. which are
used with funnel rediastors. Thia ‘8t necessary sinse a lensge
has a continously decreesing effect. nn the edge of the wave=
front 4is approached Mierefore the wave lg drawn back at all
pointe in 4 def.ned and demived manner. such that, they are
even throughout (as with a convex lense used for optics). The
well known metel lenses, derived irom waveguide princlples,
will not be unsed tor browd-ltanc anrtennas, since they hava a
snall frequency runge Only dielectric lenses with lossless
and frequency irdependont dicleciric will be considered. Such
a trolitul Zeame whilc rag heen derle? Ly usans of experimens-
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tation, is shown in Fig.6. Diagrume of these radilators are
shown bty tha curvea #b" of Pig, 3,

"hess dieloctyic lenpeg cause two problemss

3

shey of o~ the carasritiyae dintoiration along tha radiator

Teoloan e SooRhe gurtene

The alteyco cvoacttlive divtributlon vodueces a A1 ferent char-

actorlatlio o daree eeese along Wha cedlator. Thie different

ehprnecter Yot inpedane: curve lg eanlly corrected te the re-

iy red wtde-band impedanse cuavee by applying enall changes o
redl-iar ataye the raf>eted conponent waves at the aur-

, propegate atout the viedinity of

“he raddiater in an 'qndefined monnar . Theae varabond wavesn

are pe.rticlly veflected hack to the input line and now cause

sl frequency cependent ulanatch. Lore of the reflectlona tra-

el ocutwucao awey from the anternna in an undefined nmanner, and

wifact the rvadintinn pultern. The troliitul shapes of Pipure

i opredure approviunately 15 % refiazctien in the input line.

Mbaouse ~f ga \nhenoserocug di€le tric, whoge dlelentric cone

taoe of Lhe lenoe gtructure

atant at the edgen of the lenge prosesses a slov and continus
~ug transiticp from air to dieleciria. helps t« prevent this
vype of reflacrivn, cuine a few succesaful projecta were oon-
ducted in the U 8 A, ir order to producs o dielectric fronm
foum material (gynthetlce mnteriml forwed by foreing alr turough
the materinl in its liquid form) [13] . This dielectric should
nave g dielectric constant which is a geometrical function.
Since the technslopy of developing such a material is too
sreat, we have usad inbouopeneous cieleetric and have shown
yre feagaullity in the forn «f a l2nse conoisting of thin
zrolitul plateas with air space in between, as shown in 2.7.
iarterng sicilsr ho those of Mg 6 are obtahined with this
arransenent In addisicr, lenws ie reflected to the input line.
“herefore Latier wi o Land matehing 1e nbtained The measures
mentioned ahove cuues ohe wvavedront to be evened auts. This
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feet 18 demonatrated by hta: ouwyves "0 i Pe.® elooce the

lobe minims srs more proroghced and o ove mors nearly spproached
the charactail-tdos £ & tiue nill. ‘he ot thav the 50 %

down bandwidth of thvr wain lote dascr:ases with inereasing fre-
quency, is aloeifded . slnce tre roriie~? woadenlng o the
wavefront (7ir.4) inyreacsq, in rogpeet o wavelength, with
increasing krequenoy,

A vary sivple zolutior of the dlslec  vic iensg withou. the
problem of synihetic forw rinterial, ¢ vonedble if tho lnpui
ling dg £11lec with lledavizde 23 sbovy " Mg, B0 3L n1e new
allows the 4 <cicgtrl: of tae inHub Line i coninue ont to

the lense <: " own i1 Pi:-3; «n: achicvsy Yne condiiion of

no reflect oo ag they wova enlecs %h i2ude (Bhoe costr awy da
true in Plz." |7 and efle2bted wovas o prave o ind f:on‘axisting
in the cabls 1he wrre leaves ths diclastiric slorly 20l core-
tinuously, 3uch thai o slowly 1 rea:!nrs sart of e cavefront
progresses over to e modlcta e’ oair I shiz vay it 5 pos-
airle to obenl. the :xrven b' n Pu-. % with cood artondng by
ueing a relatively oiapl~ oalece ~f a-2id rtyel inl.

LII. Methods to Dewvriyege & - {33 Tere

e

The curves “"u" ~f 1.3 gan that th: d&ly ta20mmair v pre-
viously mertie :dp) ¢ dAnallscet ve 4 convatln: Lo » .oy Lare
ge and abte: clie leose ab ik Zo-oquencler then: Lis
lobes are .1 aoi by ke Talrrged crpiriuéos of, the edeza of
the wavefr:ites upd =2 clao pcailile vith avan phase vonta.,
It 18 knows *Hr-1% a s dductior fx tne clde lober in TPt ya-
diatora al:o ruses n enlarzed anpl tulde dn the niid g of
the radilating urfaca [ﬁ, 54] lheraiors addivicual .2thods,
the use of w:':h Lfinencaz tle 1i-n:ien of the phasclront
amplitudes, 1usf be Jound. If {12 reazeurss taken ar: -0 bavs
gimple and :.cou=be,d charvactey* .’ ies, shon tals io 2l3c ac-
complishet 1y mcane 1y ¢ Ilelec ric 'eva
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Por this reason we sonstructed a considerable number of i=
electric rings of different diameters. Through the oombina-
tione of such rings in different arrangements and without
air space hetween rings, we were advle to saffest the radia-
tlon pattern in many ways. If one wisher to reduce the slds
lobes conasiderehly, then one could, fnr example, inorease the
density of ~he dielactric in apecific locations, as shown
in Pig.9, Radlntion curves "a" as shown in Pig.10Q. are now
obtained. the curves "b" giva the radintion patiern of the
pame radiscor ithout digleetric, One can definltely notice
the reductior. of the stesp slde lohes. If one does notl une
the more conilead shaped antenna shown in Pig.t. but uses the
more sphericel shaped antenna ghotm in Pig.9, ghowing a very
bulanced pattern viith very weak minima gs Indicated, would
bs quite suitalble for transmission and reception in a larga
angle radial sector,

IV, Wride~band Antenna with Optimun Gain in the Symmetrisal

Plane

If the phasa correction »f paragraph 11, is combined with

the elde lcoe reduction of paragraph III, one cttaine ra-
dlation patterns with a well defined main lobe in the aym=~
metrical plane whose angle decreases wlth increnaing frequen-
ey. If Pig.7 is combined with a corrsction, (correction

shown hy "ig.9;, one obtaine the optimum shape as shovm

in Mg.%11 and 12 (obtained from simple ring combinations which
were experinentally detarnined). The corrssponding radiator
vatterna aras shown in TPig. 13, If Pig. 8 18 combined wlth the
necessary ~rrrection, then the ehape shown by Fig,14 ia the
resulting optinum one. Since the dielectric of the input line
coitinues to the lenme, the reflection of waves upon entering
tne lense i3 avoided., and velatively good impedance nctching
is achieved. This ilupedance matching could probably be soneoe
what improvad by very snall ochanges of the lense and radiator
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ghepe Ar the ixinity of {hae redantor freading zone. Th» re-
flecticr factcos and o 1niiebern patiera are diaplayed dn TPige

15 ane 16

rerd O 4 Cu.nré dne Cooralnsie Systqﬁ_ggr Caleuletiang the

hada: tueq Fleld of & 60 ohe Sphizriceal Radlaticy

The matress ti- ol treasiert of the rudiablen process ¢f bropd.
band yailistice 0 ectremely A4iTirull . Hreecislly, since the
ferwation o <02 Marmesl asguaticns that doarcerlbe the radietion
field, reguir ¢ vhe inser.lon ¢ the » #ry eonditicns of the
Jielc at th cdme of the radiatoxr and grovnd plare. ant this is
an exsranely d4i7{iecnwlt protlam te sclve, Iowever, the possibiw-

11ty exiate, thit ore var obtain very sinplie toundsyry ~onditions,
if a coordiraze sysicn 18 Intriduvced. in ~hizs the ~round plane,

ag we.l as e cadiator itself. are coordinate lines., An oriho-
gonal corred iine couriirate sysiem whicrn fuifitlls these ccndis
ticns 13 obvtainad, for exzmnlie, from ths equinoterntial lines
and field Jines cf the stat e fie6ld, +h:a% exisis whea ¢ de veli-
tage e appiiel tetwaen T d"ﬂtgr and BT uiTs planz- Plz 17 ehcws
the static 74211 of & &) chn raoiator Tn@ NMesmell ejucsions

of the wadiatvich field neve baert 3et up *r the curved line
coordinate uystam in %] . Throush & gultshle insertlon which
descrites ths cumplete fielf as the sumu of complex parilal wave
funetions WH, the partlal d#ifferential cquations break down
inte sn infinit:,number <f oxriinavy, 2nd order, couplud diffe-
rentjal squatisnes i.e, the differentiul equetions for Wo ané
W1 yield:
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- The valueg of Tn and g, CEn hs obtained¢ with the hely of tha
graphical 'ouwrier -wmialrale. {170 the curved line coordinate
systew; for .oc 60 oun aypr.-icel radlator they are shown in
[15, Pilge 40 und 41 ] o Thr aolution of the differential
equations ty weang of eleci ircas computers ig now possible in
principle. fowever. thin favw very Aifficult 1o do for antennas
of prectical imporianc«a, since Hhe walves Fn end G.,‘1 bzcome
infinite o« %ths anuvanpa 2per. Thereforz a coordinnie aygtem,
in which Lot the gsrewnd prlace and the radiating part of the
antenna gt i <. ayre ceerdinate lines, and also have finilte

values fou F, znd Gy in the apex vioiniiy, is the sost suitabe

le system "oy cur purpcaes

However, %he cquipotential Lines, vivich deseribe the vadia-
tion surfac2, way not entloqdg thems: wwves as before. but must
peel off in vhe viciniiy, o the red.ator verter of the actu-
al antenns shape and continue toward infinity. I¥ 6 s
pecially adventagous if we could aliwsw this equipotential line
to flow juice an infinite extension cone {ae shown in Pig.i8)

the vertex oy vhich lieg in the ground plane.
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e resuldiing coordinate aystem matches the elicctrosiutic field
. , ¢f a conical line, nore and mcro, ca the distance fron the null
increoases., ?0 takes ocn o large, but finite value with increas-—-
ing disvance from tha origin, while 21l higher ordcy 2, have ’ 1
sero asg their sosympiote. Fror tals we are sble io obtain the i
aout suitaeble btoundary conditions for solving the differential ;
equations. thie being, that reflescted wavee no longaer exist ot i

a sufficient distance £rom the origin.

I. Experinertc Tndics 3ting. the Perminssbility of en ;r?;nite

Extension_Ccue Arrangement

Before we czn cectually use thise coordinate eystem, it nuat be
shown that ihe elect:icnl reletionshipve of & broad~bend raw-
¢lator with av infinitz extension cone does not depars congi-
derably from the final desired antenna shape., In [1] it con
be geen that the shape of the radiletion pettern is indepen~
dent of the antenna langth, i the current along the adig-
tor decreases rapidly, as 1s thz case with large radiation
attenuation, 2nd the upper cuxrrant-less reglions of the an-
tenna do not countrivute anythins~ toward radiationa

Therefore our new coosrdinate aystem is only suitabtle with

large radiation attenusiticn, since this is the conly copdi- N

tion which causes the current along the antenna to decrease i

rapidly and become so snzll ai the antenna creat, such ﬁ@at

the addition of an extension cone at the top does not cause
“ a noticeable change in the radiation behaviour.

- ) - —

‘The boundary field linen oi each wave typre, Wn progress Yo~
ae wards the antenna feeding zone with increasing Irequency,
; such that, iz radiatlion procass buzcomes more cornzentrated
§- about the lcwer portion of tho antenna. Also it is..t0 be
| expected, “hat the impedance and radiation behaviour becomes.
i _ continuously more independent of the radia+or'ahppe in the
I

vieinity of ite vertex, as the rrequency increases This cﬂn
.alaeo ‘be confirmhd by . the cxpe*iments dﬂscr*hed belownv :

e
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Wext,. the mstching factor "m" ‘yseciprosal OWR):

of the 60 onm spherical radiator wes nessuredé hy nusing parit of
the inpui line as & slotted line. The results sre siown in
Flgo19, curve . If 2 thin hrass »od 1s pdded %o the Jop of
the antenna 21 sex, an ghoyn in 2ag.20 and "n" i9 nmunpured
again, the resuite ns chovn by surye b of Pipoi9 are obialoed,
It can bs aten shat curwe b peadulusen shoult curve a and the
amplitudes of +hasge fluctuatlons hecerns lreraps nsly sumaller
with inecrearin;: Ifrequency. This can t¢ crplained in tre follo-
wing manner: -ie spherical rallstor Looks LiRXe an irnhomoga-
neous lina wraiilh losses uhat ie termirated wiib shr input io-
pedance of = tLfn rod antenna.

This rvod antenna has thn lnown cirva in the com»lax dope-
dance plan:», as a function of inzyearing frequency. as shown
in Mg.21, The periodic wvasiatior. >% che input iapeda-ce of
the rod antenna cause:. the neasuvred variations of the matehlng

factoyr "m' euovn dn 770,19 by ~vive

If the attznuation ¢f the inhoacgena: 1s Line locate? "atwaen

the rod entznna and 1o alotied Line Mecomem lerger: that je,
if the radiatioy gattenuaticon becemae Lavger in tha nlidle

ard lower reglona of *%he apherical radiator, then the varia-
tions of the i‘nput lpredance of +4he y:d antenna has a con-
tinuously decrsasing effect upon the matehln: faector “a¥,
8ince the radiation ettemation ‘ncreascs with incroasing

frequsncy, th2 7ariat’oin o the natchins facicr dacrenses,

A similar effect can »e ac », 1if one =weasares ton radiation
pattern of ihe 20 ohn gphe feal radicter . first with 2nd then
without the »~d antenra, . u conprie: tra cagunlta (Mr.22).

The cuzbes "' -endulnte about i =1 svoag &’ wad the ame

Fr—

i



— o

S~ ]

16

15

11

09

08

07

06

05

o1

M

19

Fi

sl



i e\ | s2b

IW000E =4




plriude of ti - deviaticar lo noably snaller =t 3 000 ne,

¢ noat ﬁCG/wnu In cxder Lo clarlfy this effe~t, “}e ra-
Gilaticn pa:terns ol the thin rod anftenna of length, L =~ 30
¢m., vere ealiulated T bobth Lrequancics of 1 3C0 we . and
5 000 we, aceording to tre fanilar zquation (3} f}eference 16f

ol
cos (ot 0S€) — cos ok

/—__ ’,’, ‘I HE—— — e o
[C;;;i kO/ :"0'7/.} - S/.f7 8 (3)

eud drawn in FIi.23, IL cone cogopares the curvesg “"o" ¢t Pig,22
with the curwes of Fi:.23, one zan easily see that the number

of deviation moxims of ‘he cwvwes "2" in Fig.27 iz the sanz

as the nunber of sids lotea 1n Fig.23 for deth frequencies, .

The rendulation of curwe "b% :n Fig,22 »riginatec from the
radiation pattern of the additional. . rod anterr -?.ulrce this
pattern now ccubines with 4$hat of the 60 ohm aphe710a¢ radiator.
The decrean2 i pendulation with increabing frequency Provas
*nat the rodiation attonuation of the €252 rediator increasss

accordingly, and thus tha residual c¢urrent, at tha cresi of the

sphericel radiator ar? along the rod antenna, beceones centinuous—

iv a\gllern( *rat the Cevieiion nexima of.curves "b! in Pig,22
pre n0t in exrct agreement wish the side lobea of Fig.23, in
reapect %o thelr angular posivuions, is vot impertant in thie,
analysis. This resvlte from the fact that the vadiatisn patterns
of Fig.22 were only measured at a felatively'ahort -distance '
‘R A 2L, from the faeding poin%, whereas the equation ’3) i°

nly exact fvr the distant field.)

As expected, the impedance and radiaticn behpvioz, ;°comes
-increasingly were independant of the antenna shape-¢nAthe ,
vielnity of its apex, as the {requency is}increaacdo There- .
fore it has heen proven sufficiently, thet the use of a‘co~ "
.ordinate nys}om with an infinite exteneion cone’ iﬁ«satiefac
_+ory at hibher ¢requenoies“ :
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I7. Whe Cadendosoon by oenas of Line
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cetenn vi o Infindte Bxtension
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he nae, o ate systens that we hooe prowlsusipused. were

i

~aleulnted Ceen ououdtehly 2useer ooorson diesrituticns, aleng
crizovien @1mnles us to avoid the
poundary proo.e o of the potertial eguatinm

the radiaver / gince this

An infinduesineiiy apall line cheurrge, hes he potenvial of.

a polnt chisre.

s
6 9 (""'C.‘i (‘\'/J!Jc’
N el ——

i & TS /;‘:’ o ()

1n accordsrce with ¥isure /4
q(ho) ‘8 the charge density;

hb is the pcuitlon of the linc element dho

tn the radiae
ter axis;

PO 3
R = e‘{re $ b= h )2 ia the dlse

tance cf the point P(r.hi.
from tnis line 2large elezant ‘

By inserting the equaticn Zor R and integrating frem -C€O to

+ 00 , the resulting cquatica for gb at P(r.,h) beccnesn:
709

Y v { | Q) clhy

' [/(-5—}:)+P'~

the QIOunﬂ plane, which correasponds to

h =0, alwavs L¢ an equaiposential Aurface having the poten-
12l £ = 0, zen b2 1ulrill:d if the folleowing relationéhip

of the function q. hr, is foréed to hold true:

(%)

The conditior that

~
(o)}
e’

Qf"lo)‘ ® - a(ho)‘ .

Une pgnmw e/ ox- un%itiou tha; ihe rad: atur surtracs, which
- ig symmetrical upon rotation about its azin, be

an equipotential
7’

ﬁbipy :f'f o o . =18 -

Cearees, of a Cosréinate

L g ek bt e oA

e 2he B




applied to thr funeticn

Oenoline
dlatribu-

therefors

aurface, L7 o ther ghipuleotiony T
q (.
The integtn . bl oonly cumalanaly salonile for o n
gdiatricueics vaztlone 1(Lp}— Harmever uwba shargs
tion w1 A1l radtixtoc ahape. navipg 2 Cirite heiznt, ds linmi=-
ted vo & finive reglon o tha -odiatcr sxis, and
the follwelay toroe
! F 0 Tor SR < a
SIS U B ¢ ) ) . .
- | w U iov 2 r N B o2
-~ . Q-
Pig.23 showy +wha charge dis*trioution £ar Yne 60 ont

cal radiato,

tegration <can hs an

in thiz va2e.

omplleghed vinegh the
computer. 17 sne subhii
qfh ) 88 shewn in Fig 26. U
is d*vided inte N iutcrvalu,
the heights ¢f the

ordinate of the

aiditlon,
each of
seauiting rectenyles

curve in the midile of

-method}s The potventlal off whe “ine cnarge in poins 1
can be calsuleted as e finite suw, Lo aczcordance wit

following equation (8).

&
e re _1.\1
s T

)

PAY

vaich ia,ﬁ;hﬁ
avz race

iavaaerreal esiutions of %
2id of &n ale
iihten a o%ep polison

for uha

kne d3egtante

~o

T Y
e N VT T
Rl t{\’; }Lfom I Ak

However i2 she equipovteniial
diator sur’ace area, peais off she actual

vieinity of the anfanpa vertux, and it be
into en infinite ex-ension cong, tnen +the

istribution must alsc extend “o infinity.
axis,

Therafore, n numerincal calcula;ior of the
tangentinl ne- hod 18 Jmponrritie for this

long and

ha the

the interval {tangential

(e b
1 the

(83

gwfuce ohich deseribes the ra-

antenha shape in the
reaquired to extend
corresponding charge
aleng the radiater

potontial,
particular

uning the
Ga8e,
. > 19 L—
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A

gince the integral (5} can now cnly be wriiten as tho sum of

an infinite number of terms., Therefore, the charge distridution
is always 2ividad into twn parts. The firat part q1(ho), is
linlted tec %the vegion along the radiator axis difined by

-aqé h, < -, axw is now usable in {8). The sccond part'qa(ho)p
originates Iwom a sultable lirs distribution function extended

from - b te - 70 for which th> intapral {5) is soivabls in
closed form. )

N N KN e T T
'ﬁﬂ1USome Specisl Diotributlon TFunctions ﬂg\hﬂ3

~——— e -

The saiomplest p;onedure assuring the running cut of ithe po-
tentlal surface into the infinite extension cone, reculreo

the retainment of the part q1(ho) as the charge distribution
for the finlte radiator drape, and tsiking a distribation func-
tion according to (9) and F43.27 as the secord part qyih,)-

/’q for 0 5;?&,5;?0
a,{h,)} A (2)
= l “for -—oO;‘I\.hogO -

The equipotential surlaccaof these line charge qg(ho) are
infinitely high, cones of revoluiion about the radiator axis
all having +he same cone vertex in the zerc point (Fig. 28)=
The potentizl ¢2 on a cone surface with the half aperture
angle © , iz directly proporiional to the densiiy of the chare—

ge distribuiion according to the following equation: {10a)
[reference 15]

é‘ 07..50 {72’ CO[.‘ i | v(‘O&)

The above equation can also be written in the following form'
(10v)

cot® r;» sinh Z.T_%,(ﬁ_&

The value of q 18  determinaa by (10a) & (10b} if one -assumes

the aperture angle, 20 of the: extension cone, and reguires

410b) '
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o,
[P W
that the Line oarve qg(?h} civatea nopotentiald @ on the sur-

Tace of boic exlension core. hva o setertial @ Nu'ﬁ, be oqnal

-~

N <
to ¢ whi Coofeherniaod rogns wineErge alsTrisuihion qqfﬁo}

Y - N o{ - S A, - S A TP [ . B .
on the sucs oo 0of Lro finste eadlaver shaje. Lonee the chargo

g . . . . . 4 P
distzitat. i 1.(h0j e Xbosed Lo b onesion o3ty hu o8

af the radna oy axis, th: o2l ootinitisl & = ¢1 - ﬁ, in

~
determined cusa and norz iy ¥ ond lsas tv &, eos the digtrace
a

11 posantisl

%

Zorm the wara podny Le iaci2aied . gren thal

-5t

surfaces, 7 .: congiant, ~rrrarse azoul wea eunilooesy ¢

. . ~+ . ) .. . .. X KRN <
coneg wrer: T, = cougtoent, ag the dLsﬂa;z? row tha origia

of the coovidinates 1y incroens:d. Coavergyely, ihe pohtential
g =&, + ﬁ
vicd nitv of
Mg.18 ttgat neane 7. 47 oy avcis Lz wbie parg oF O rndid

IEE o a . PP I PREVIFRE ST B v . - . 3
tor surfacs e 1th* Eed recnvtely enowgly Ly oa getaunvlsa

[ N AN

surface ¢ = oongtasnt, The conlit

if the dersiti o of the lin: sharg Qq(hc
again hag the game meani: s, .1 acesrdance with (C0', ws the

3

213t be almost cnasletely daterwdraa wr 2. in the

y e revy oonll, whod

requirement ~f a vecsy B2l ageziure angle 2 9, ¢f the exiene-

-

sion cone-

A charge dis%tributicn which wzs firct calenlatea Yor the Ifi-
nite antenna shape, only yielde a useful coordinata cyntsm‘
whan it ie combtined with & line cucwge in aceorda-zce with
(9) ané Pig 77 if on2 assumes nu extremely nnmall aperturs
angle 28, U '

¢ sme.l aperiture angic ig not {o

4

However the theice of a ¢

be recommendad in praculice ziuce the egquipoteniisl surfaces

will then be uso intensely concentrated ewsund the ex\enaion.
cone that ther cen me loiger be pletted witii the necemsary -

accuracy. In addition, the houndaxy value T (@9}, rhiéh"thé
ﬁharaﬂterjatLh value F arproaches with ~ncveﬂ ing stancn

from the zer> yointse mnat not hecone TCﬂ large in. accordance

shat rars of the cadlatory oo face dndienled v A dn

th

‘with the prev riously . mcnt101“” rogacns ai the beginnﬂn~ cf paxt 3o

1hia also means that n may not be made %oo sma)l 1nce rx

&

‘,\

“'s-v ‘ 21 e

'\Cx31

- ey

A il i P i, b K

PR

N T SIS Y

EFLINN

-

R R B i

e rEpe e




1
30

!

T

TT

L

393837 3637 36 33 32 I

S




¢h other in the wmanner showr 4in

and 99 arc deopondont upon sa
equation (11%; refle; ence ‘51 )

Pl
-
-

LY

v conztant

Thege cons 1darations indleate that = lower lialt of 7€ Tor

the apert re mnagle iy aprropriate.

Jow it oslooile e tnvestisvezd 10 U prcceaduren described
. . ' 0 0 .
yield ugciul resuits {cr zan @ perture ungle d@o = ! Thia

investigacion is qulckly cvcemplieldfor the 60 onm sgherical
redister oince the caarge clgsriburion g, (h ) of the finite

’

radiotor Lie e (M7 .23% and Tne polential linzs ﬁ1 = censtant
(Pipp27) »re well xnown,. The coskhanation of the lin? chavpe
qe(ho} acoording to (9 and Tig.27 can be simply accempllshed
by Inserting into “tg.3¢ e lines obtained frov. zauntion (10;
fthat ren » 'he neridan s:0tions of the equinn*ert.nl cones
ﬂz = conu.ant) and 2dnin g all the intersecitions heving bthe

1
!
sanue potertinl 3 3 o+ 4,

The suifece of the GO ohs -cherjca’ ot viesr s d=garitaed by

the poteriila’ .inc Wwinge Mo nercent .o the riobi. Shars

4

L . . y " . P
the wrarge Jictribuiion q. « in e rurdante with Lveierewde EBJ

b}
cguses a rotenticY wilue:s

? i
. T\”'ﬂ,- Gy Ts \:‘,- .
4 AR
¥ N 4’// o ( 4 2)

Thereflcre 4 wust ve defzwd (n guohn o way tratl Lhe 1ine

§

Tnerae Qo ho ) dzverowto e came value of votonvial on the
2n
2
- ~ - N - P -~ )
gurface of t2 cone sitn 1 cpertuwe angle 2 8 = 7

céﬂ]_:%' = ZI{) .g‘f_(z}...

L S O LT IR
i1 TO8BUAwE
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<3
The merddisn adegectiona o the corresvoniiiy acuipbtantial
cones ﬁg @ aenzhant has hoer indicated . Wg 28 wisa dashed
lines, I one combinas thowse with the poltertil lines f, =
conatant in l'ig.17 then one optalns the potealinl lines
g = gy + jis = conetant, as shown in Fig.29.

The choice of 9 in [13) guaranties that the potential Line

‘,’ B 124 ("O,t
(P’* et 87,

econverges t gainat the recu.red extension cone naving a 1° aper-

ture angle, as the d.etance from the zero poini is lnereaseds
thus the desired cloaenesy of these potential line %o the
shane of {he %0 obu spher.cal rad-ator s'wwn hy the whick lines
in Mg, 2% w21 not actuaily ootatned.

Thus ‘'t ean be scen vhat tre jintersity ¢, of .he line coharge
qz{hné i aslredy L lerne L0 one choeg?n on aperiuce ~ngle
of the extension cor 0f ?@, - Y, Pharefore 1 simrle ceon-
tinatlon of §his 1 .r- chaige 12(h3: witn e ord tinaily cale
asulated charre dletr bubion qr(hc) Aaf LTho firvite rooctator
shape . no longer give e & usah.. coordinaie wyvaten.

It can be apnrogiwated thet ©-r2 denerilied procar ire yilelds

u pocentisl surface 9 = ncnatant whileh huga th- —adiator aur-
bace wvell 2rouch in the r-gion N of Flg. 3 and mimy cat in
she region I3 inso the ,¢c douslys desevived exwezrncion coue of
aperture 2agle ?Qcp £ diuves under 0.5 gercnGs .re inserted
Jor 200!

However, thne distrabing IrLflusnce of the lin-» charge qzihQ)
upon the region "A" «f 4 8 car Ye reduced ip & relativa-
ly simple menaner by iga.: . ving & constact l:n3 charg- f
2 ganme dongl Q- erves ' o f_;; hut nov. one should
nol allow thic “ine charge ©  bhagin in %2 zeru point; rathe
er, %ie liane charge chould - allwed +o Tirs! begin, &8t a

disisrce Tu Fren tha grow C opoan~. “hig gives 2 dilatr hriion
function qslh } 1n accordz. e wit: [14) and rFig.30

.24 =
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4(ny) ={0 for b <{n Kb (14)
<0 &
~q, far 3= ho b

The eonmesponding equipoitential surfaces aan also be given in

explicit foru; as is shown in the following. In the above
mentioned case, the integral (5) has the following form:

L
-t .

== T \ e T R - 'Y
o i T e

VA /o 4 Y., (15)
?5 /ﬂ : 7 /X, ’

This integral 1is solvable if an appropriate substition 1s nmade.
One then obtains the following equationi

_ Ty
g j" Hin b by 4 P (h b))
B N A Y > (16)
&, A w".of'}/r.z&(,“_ﬁe)g 1,

iAs hc approaches infinity. the argument of the natural loga-
rithm term bacomes Y, auch that the upper boundary in (16)
does not contribute anything to @. Therefore one obtains

"‘/79 +‘b+ 1?.,2. 7~ (ﬁ"b)t (17)
h+b *T;“‘zf- (h+b)E

P =~k In

or in the antilogarithmic form:

e ﬁé—%i& . _mhirb Vrte (h-8)°

(18)

- 25 -



One obtains the equation of the equipotential surfaces 1f
one equatess

e
e  * = const = (-
hatd {19)

If one nov wenipulataes the equation sowewhat, the following
result lsg cbitained: (20)

i ' b 2.
LA 2 YL
.,,i.é e £2(C1).

(("f/j‘} (C )"

= 7 (20)

The equipotertial surfaces of a line charge according %o {14)
and Fig.350 are therefore confacal hyperboloids of rotation
having tvo sheets, with the charges line r = O as their azxis
of rotation (Pig.31). The two seml-axes are:

& Zl’x"7/=— F” [J(C~72_

(a7 ———— oK.

) Cr7
The focal points are located at r = O; h = ~b. Therefore the
focal points are those points of the axes accofding to Fig.30,
at which the constant charge distribution Q. begine. These
hypervoloide of revolution converge against the asymtotic
cone with the half aperture angle & as the distance from
the zero poirt 1increases

(21}

1 * *
o , B, (22)
col @ m= ;—-Sbﬁhm‘irg =
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A comparison of (22) with (10b) showe that these asymtotie
cones are identical to the equipoiential cones (Fig.27) of

the line charge qz(hﬂ) according to {Q) and Pig.27. The pcten-
tial field of the 60 ohm spherical radiator should now be
combined with the equirctential surfaces of the line charge
q2(hc) according to (14} and P1g.-30, This can be mnost easily
accomplished by drawing the hyperbolas of equation (20) (that
is, the merid:ian blgsections of the hyperboleids of revolution,
¢2 = constant) upon Mig.17 and jolning all the internections
having the saune potentlal. @ = ¢‘ + ¢2“ The potential lines

¢ = constant which have heen achlieved in this manner, can be
seen in FPig.%2; the glven hypertoloids, ¢2 = constant are alan
shown by dahed lines in the same flgure.

The determinabion‘ accordirg to equation (13), of the charge
daensity Apy v guaranties that the potential surface

| 2, (0)
G- G+6. - 40 zre,

runs out into an extensic. ¢ o te Lha previousaly deter-
oined aperture angle, 26 .oqadit on. the potential
surfaze conforms much wrre *  Liwe ghape of +-e 60 ohm spheri-
cal radiater (shown with -~} ¥ *‘ues tn Fig.32) than the po-
tential surface with *he sam- " '+ 'ig.29. On the bhasis of
exper imental results n ¢ npun .. with the wide band antenna

project, we can predict, with ~onsiderable assurance., that a
conducting tody of revolut:~n whose shape as defined by the

; AN
95 " di/ ‘ '_147“63

has the desired characteristics of a broad-band antenna and

potential line

can hardly be differentiated from the 60 ohm spherical ra-
diator with an infinlte extension cone, in respect to its
jupedarice and radiation L haviour.

- 27 -
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I1.-2 The Distiibution Functicns q{fh } and qziha) for the

]

60 oha 8o hericsl Radiate- witl un Infinite Oxtension Cone

e

© .
having a = Aperture ingle

A charge distribution qi(hr) + q2(h0J {8 asought whose e¢qui-~
potential surfice N
= 2,00/

O @, .,.(p‘ R~

A
describes “he rurface 3f tle 60 ohn :pheriaal Kadiator (in accord-
ance with #tg 18) 1in an 3ideal manne: in region "A" and runs out
as quickly as jossible dinte the pre.wrribed extenslion cone «of
aperture angle 29 = ?U in sualr a way that whe transition fronm
the radiator veetex in regioa 'B" is fast but without sharp

edgesn.

11.2.1 The Charpe Dietribution Function q?(hoj

The integral (%) in &lceed foum nuut again be solvable for
the line charges qg(hn) berinny ng a8t 4 dislance b frowm the
ground plane and extending (o - w

In Pig .29 and rloc Pig. 32, the potential iines

rﬁnm.2/¢7_fv(§i

(o g
b FT & _
have the dimvatage that the;, converps mich too slowly againsy.
the prexcril:ed extensaion cone of 1?9 (. erture angle as the \

distance ho frex the ground Hlane i1 nereased. This is caused
by the relatively slow dearense of L influence of ﬁ, upon

the charge digtribution q1f197 (limited to the reglion -8 ﬁ ho
ans h0 ie increecsod. The disiret quick approaching of the poten-

§ a)

tial line
: B
= 40 2

L"‘r v .'E\i
o the exters:- cone, can br _btained hevever, wrern one does
not aasume & <+ atant crharpas distribuslon en the radlator axis

a8 indicated :n Fig 2. and Fig 28, Lu. inatead one should allow

- 28 -



the charge density q?,n } to increase as the distancs h from
the ground plane is increaasd. An analytically simple diatri-
bution funktion 12(hn), which inereasas in the correct manner
with ho' is Indicated in the following.

However, the lines having the same part potential ﬁ, colneide
somewhat accurately in region "B" of ig.i8 with the squipoten-
tial 1lines of doutle .oint charges ¥ Qo which onc ecan congider
as being lecoted at a digtance ¢ fron the ground plane on the
radiator axfs“ ‘nerafore in region "I of Pig.18 the following
is true:

r @ d '1 7 Yoo

¢'V_.m

i e, | ;f . (h-OF Z"’ +(hec)® sod

Q, and ¢ are deternined by oquations {23) and (24) in such a
way that one vonslders the distributed charge q,(h ) in the
region of the uxia 0% h(av to be united with an upper charge

concentration point at r « O3 h = .
‘1

Q.= ?fh.,%uho
E (24)

23)

T 1 e

W, (25)

The use of the tangential jrocedure, again enables the re-
writing of the integrels (23) and (24) as a finite sum:

[-5
A S FyBod: b ol
(’2:.3

(:,?0 we 0 ’L"a N 0o

DL {23 (26)
anfsy
P "A
u -
.—""" o o et 1 > q 0 h (27 )
QC} et v la C-; #
timin ey
In the pame manner, the charge distribution Q4 (h ), in the

region -a 5hn SO of the radiator axis, should be concentrated
about a lovier cliarge concertration point. r s 0; h = - ¢

.1.29--
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AR i
FAM
-

Nanr d4ha radluto» awd

founds

i 4 WEL Nt Rt (28}

One obtains ¢ untiefevicery distribut:on funetion qg(hn) if

one subiracts - correct.on taru from <hoe constant charge distri-
tution 1y i aorraction tevw is poopo-tloral to the po-
tential P, wi b de oprecinated bp 08 und oat the same tine

is algn proporitnal e the dlssence hq fron the ground plane,

In this manner equa® on 129) i3 Jev?Qed

p . . . s 7 '7 P

/
TR ) e 1 - L e v =

RAREE ’ RS oo f2o

.8 can Ye ruver Sron ewation (22, 0 appreecnes O as o pgoes

8
to oy Therafoxrs, q.(h et approach the value q . asymptoticalls

P

ag hn ‘nereares. ‘a. - oopeetficd oy 14 thvowsh She handicap oF
a aperture ang.e EQQ Y0 The opitiial salue fer the constant
d «an only be datoerni ¢d Ly trial ond ercor.

1o

The integrsa? 5, in ©:iv.B7¢ ir closgsd Jorm fov qggh)} by using
the equation (’G) anc e o Ltainag:

30 -
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e & = — —(h-b) # VF? ¢ (B -8)" _
L mo&m ,nwo? hib * VT 7 (hib)

- 7 q—C + x, * (h- - C
B AN N \ \ G Q ; T In & WMM...I e
Vrt v ch-o ~ (- )+ JrE ifh- ) b -c
-+ \)3_ x\ﬂ 0\“3 - ek N .\N\W. 7 R\B. L...W;N x. ._N o
(h-c)lh haw.\q #nt 4 \ el ks F\f.ms M\x\?, r\mw i,...\\,m..\\ il
- , \2
=R ﬁ&s (Fsc) *N\w +(FA+c) e bre 4
N\.N.\uf_\:r.\\ .rh.\cw\mn' *.\nw.\-mvl b-c

wﬁww (he ) N\Whur m&*nvﬂ \

7 {hrcilth+b}+ =
;

(Arc)lh-b] + PEt PPt ()" Yrie(nr)*

+1

(30)




11.2.2 The Charge Distribuiion Punction qﬁ(ho)

If one retains for q1{ho} (ag in paragraph JI,1)the originally
calfoulated charge dilstribuition for the finlte radiator shape

in 4ts unchanged form and combines it with a line charge

qz(hﬁ) according to (29) of the pronzr choice, then one actually
obtaina an equipotential line

Ei;:u'qg.+ ~m.29c3.-52£f@2

L7 = 47 Eo

Whieh runs cut quickly enough in region T of Pig.18 into the
prescribed extension cone of 19 aperture angle. However, since
the effect of 32 upon the line charge q2(ho) is also noticeable
in region A of Mg 18, the potential line

Iy o
(similar to the line of equal potential in Fig.3?) mtill has
the disadvantage that i1t peals off too scon from the contor of
the finite radilator. This disadvantage can be eliminated if the
char#v distribution q1(ho) gan be changed in such a way, that
the corresponding pciential Q, upon the radiator surface doaa

not have the form (,
¢’ - 2/0.27__'?_”)
47T€

G 4

but takes on a new form according to
/
P, = Zo,.?:r_f_’:!..ggz
= /T s,
whereby tha additional influence ¢2 of the line charge q2(h°)
in part A nf Fig.,18 is Jjust compensated for.

This changed line charge q1(ho) can te calculated in acoordance
with the daescribed iter%§§on proceedure of [35:] « paragraph 4.2
with an elsciponic disgital computer. Oné muct only assume the
the desgired form of the potential line

Fu o= 40 L2

Y45 Ee
~ 32 -

i




- 32 -

in region A of 1ig 78 and cslculate the potential 62 of the
already known line charge qgfho) in i points of th: dagoribed
curve accordinrg to eguation {(30). Ther the charge c¢is-ribution
q,(ho) in the ir’ividual iteration steps is changed un-il the
corresyponding potential ¢i has obtaincd the value

g 9y ol Iy
(== 210 """"""“'L_-o- - 'f/):n,
17 e, piad

with considerab.e accuravy in these W poinia.

Result

Both ¢cherge distrlbutions q,(hg) an QQ(hu" for the 6C ohm tvh--
rical radtator having an inrinite :x:engicon «core ol o aper -
ture angle, are shown in *ig.33. The fcilewing values cre to e
used for the constants in equation {£9)

PN
= QL o (0
Q. 0,78 % gt /

C = O #5564
= 1,304 -9 (0)

b = 7508

- 33 .
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The potentlal ling
- 2.0 Fih)
19 Zire,
is also drawn in Pig.33, This potential line does not sghow a
noteworthy deviation from the desired shape

Maturs Pleas

The other potentiale @ = #, + ¢2 a constant can also te easily
oalfculated from the charge . stribution q,(ho) + qa(ho) with
an elestroric digital computer. Although the contract No

AL 6% (051)~41 hasterminated on 3t-Jan. 1961, we have planned
to continue, on our own, ahd solve the Maxwell equations for
the new and better ccordinu'e system for the 60 ohm spherical
radiator in order to he able to explain the complete impe~
dance and radistion behavior in a theoretical manner.
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